[1] We welcome the comments offered by Haaland et al. [2006] on Bargatze et al. [2005] . Our paper examines a technique developed by Weimer et al. [2003] that can be used to estimate solar wind propagation delay times by applying minimum variance analysis (MVA) to study interplanetary magnetic field (IMF) time series. Solar wind propagation delay is the term used to denote the time duration between the instants that related conditions are measured at a pair of monitors spatially separated in the interplanetary medium or equivalently the time duration between the moment that interplanetary conditions are measured at an upstream monitor and the time when the same conditions would putatively reach the nose of the magnetosphere. Correction for propagation delay is important because one must apply time shifting adjustments to observed solar wind time series to properly correlate changes in upstream interplanetary conditions with subsequent response variations of magnetospheric processes.
[2] Tests show that use of the Weimer et al.
[2003] technique in place of the convection or corotation delay correction techniques leads to a modest increase in the ability to correlate geomagnetic activity with measures of solar wind input to the magnetosphere [Bargatze and McPherron, 2004] . However, in the course of our effort to validate the Weimer et al. [2003] technique, an error was discovered in the computer algorithm they employ to perform MVA on the magnetic field variance matrix [Bargatze et al., 2005] . A correction paper has been published that addresses the error in the algorithm [Weimer, 2004] . Still, the error turned out to be serendipitous as use of the Weimer et al. [2003] algorithm yields propagation delay time estimates that agree well with delay times obtained using an independent technique based on multispacecraft observations [Weimer et al., 2002] when both techniques are applied to study the same data interval.
[3] Now, in the work of Haaland et al. [2006] the authors state that their comment paper is motivated by a sentence that appears at the end of the abstract in the work of Bargatze et al. [2005] . The sentence in question states: ''Given that the new technique appears to improve the accuracy of estimating solar wind propagation delays and that it requires IMF data from only one interplanetary monitor, testing it as a space weather forecasting tool is clearly motivated.'' Unfortunately, the statement's use of the pronouns is ambiguous and did not convey our recommendations clearly. Here we wish to clarify this statement.
[4] It is clear that solar wind propagation delay techniques that are based on MVA provide the best means yet available to account for the propagation of solar wind phase fronts from an upstream monitor to the nose of the magnetosphere. Also, we would recommend using any MVA technique that produces results that mimic those produced by the Weimer et al. method that does not have the flaw present in their analysis algorithm. The MVAB-0 method suggested by Haaland et al. [2006] is one such option. MVAB-0 is the name that Sonnerup et al. [1998] assign to the form of MVA that one obtains under the condition that the average IMF unit vector, jBj, lies in the plane of the discontinuity. In fact, a technique that produces results that are identical to those found using the MVAB-0 method is presented by Bargatze et al. [2005] . It is based on applying MVA to analyze the magnetic field variance matrix calculated using B ! ? , the magnetic field fluctuations that are perpendicular to the average background IMF. The correspondence between MVAB-0 and our analysis technique can be confirmed by comparing the results presented in Table 4 of Bargatze et al. [2005] with the second set of results listed in Table 1 of the comment paper.
The eigenvector values and the eigenvalues listed in the two tables agree to four significant figures. This agreement is expected given that both of these mathematical techniques are based on the same underlying assumption. That is, both assume that the phase plane normal points in a direction that is perpendicular to the average IMF direction.
[5] Still though, there are many styles of MVA and it is still not clear whether other MVA variants could be used to obtain more accurate estimates of propagation delay times. It is also important to consider the fact that the solar wind contains many types of structures including rotational discontinuities, tangential discontinuities, and interplanetary shocks. Tangential discontinuities are those that have no normal magnetic field crossing the plane that defines the discontinuity surface. These discontinuities convect passively with the solar wind. The orientations of tangential discontinuities are suitably studied using MVAB-0 or equivalently with our B ! ? MVA since the average IMF must be perpendicular to surface normal. On the other hand, the orientation of rotational discontinuities would not be as accurately estimated using MVAB-0 leading to degradation in the accuracy of propagation delay correction. The accuracy is also impacted by the fact that rotational discontinuities convect relative to the solar wind rest frame at velocities close to the Alfvén speed. Also, the direction of propagation would vary from case to case. Early studies found that rotational discontinuities are more common than tangential discontinuities in the interplanetary medium [i.e., Neugebauer et al., 1984] . However, more recent work by Knetter et al. [2004] , which was performed by using fourspacecraft Cluster data sets, contradicts the earlier studies and now suggests that tangential discontinuities are more prevalent. Still, a separate technique (besides MVAB-0) needs to be developed to account for the occurrence of rotational discontinuities in the solar wind. In the same way, shocks need to be handled as a separate class of events. Thus a set of tools including MVAB-0 needs to be assembled for the purpose of providing inclusive propagation delay correction.
[6] Various MVA techniques are presented by Sonnerup and Scheible [1998] where they are applied to analyze data obtained by the Cluster spacecraft at the magnetopause. The MVA methods they present differ in the number of data types input to the analysis (i.e., by augmenting IMF data by using three dimensional plasma velocity data, etc.) or in the type of constraints imposed on the variance matrices analyzed. Several of the MVA techniques employed by Sonnerup et al.
[1998] may eventually be useful for calculating propagation delays since the study of solar wind phase front propagation is analogous in many ways to the study of magnetopause orientation and motion. In addition, Sonnerup and Scheible [1998] and Haaland et al. [2004] present state of the art techniques for studying magnetopause orientation based on single spacecraft boundary crossings just as one often has just a single monitor to sense interplanetary conditions and the same observations are those that would be used to estimate and correct for propagation delays. Sonnerup and Scheible [1998] and Sonnerup et al. [2004] also demonstrate how plasma density and flow data can be used to further constrain the determination of normals to discontinuities.
[7] Furthermore, Sonnerup and Scheible [1998] offer methods to estimate the error in determining the normal direction angles that define discontinuity orientation. Such information is important since it can be used to place error bounds on the solar wind propagation delay correction. Equation (8.23) in their paper gives angular error estimates for the normal vector simplified by ignoring small order terms in the derivation. A full presentation of the error analysis derivation is given by Khrabrov and Sonnerup [1998] .
[8] In closing, we note that until recently the same methods (i.e., the convection delay or corotation delay methods) have been used almost universally for several decades. Finally, new techniques based on MVA are being tested. It is important to remember that the new techniques rely on estimating solar wind discontinuity orientation as a continuous function of time to calculate delay times and that they must be able to constrain the orientation even when clear discontinuities are not present in the data. To date, IMF data alone have been used for this purpose. One could envision a scenario where several techniques for estimating the normal directions could be run in parallel. In a data assimilative scheme, the types of data available and the number of spacecraft observing the interplanetary condition would determine which delay correction method should be applied for any given set of observations.
